Background-Age Ͼ90 years represents in many centers an absolute contraindication to cardiac surgery. Nonagenarians are a rapidly growing subset of the population posing an expanding clinical problem. To provide helpful information in regard to this complex decision, we analyzed the operative and 5-year results of coronary and valvular surgical procedures in these patients. Methods and Results-We retrospectively reviewed 127 patients aged Ն90 years who underwent cardiac surgery within our hospital group in the period 1998 to 2008. Kaplan-Meier and multiple logistic regression analyses were performed. A longer follow-up than most published studies and the largest series published thus far are presented. Mean age was 92 years (range, 90 to 103 years). Mean logistic EuroSCORE was 21.3Ϯ6.1. Sixty patients had valvular surgery (including 11 valve repairs), 49 patients had coronary artery bypass grafting, and 18 had valvular plus coronary artery bypass grafting surgery (55 left mammary artery grafts implanted). Forty-five patients (35.4%) were operated on nonelectively. Operative mortality was 13.4% (17 cases). Fifty-four patients (42.5%) had a complicated postoperative course. There were no statistically significant differences in the rate and type of complications between patient strata on the basis of type of surgery performed. Nonelective priority predicted a complicated postoperative course. Predictors of operative mortality were nonelective priority and previous myocardial infarction. Kaplan-Meier survival estimates at 5 years were comparable between patient groups on the basis of procedure performed. Conclusions-Although the rate of postoperative complications remains high, cardiac surgery in nonagenarians can achieve functional improvement at the price of considerable operative and follow-up mortality rates. Cardiac operations in these very elderly subjects are supported if appropriate selection is made and if the operation is performed earlier and electively. Our results should contribute to the development of guidelines for cardiac operations in nonagenarians. 
D
eemed as a bridge too far and merely a disproportionate use of resources as recently as 30 years ago, cardiac surgery in octogenarians is now a clinical reality in daily practice. With the increasing age and life expectancy of the population in the Western world, and with the elderly (those older than 80 years) accounting for the fastest growing sector of the population, 1 an increase in the incidence of cardiovascular disease is expected. Previous studies have indicated that Ͼ25% of octogenarians are functionally limited by heart disease 2 and that this percentage is expected to be higher in the nonagenarians. Therefore, nonagenarians will pose an expanding clinical problem to cardiac surgeons. Additionally, escalating medical costs impose a policy of cost-effective medical care, and this represents a real challenge in the elderly patients who are more likely to have comorbid conditions and a complicated/prolonged hospital course postoperatively, as is reported in even the most recent series. 3, 4 
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Some reports have suggested that in the current era, nonagenarians can safely undergo cardiac surgery, [5] [6] [7] [8] [9] but the need for careful selection of candidates was also emphasized. Operative mortality and morbidity rates were reportedly acceptable, but previous series were limited by the number of cases 5, 7, 8, 10, 11 or by the lack of follow-up data. 9 Therefore, the information currently available is still insufficient to draw definitive conclusions and to guide clinical practice.
With the objective of providing additional useful information about this problematic field, the present study takes into account a large series (127 cases) of cardiac surgical procedures performed in the 1998 -2008 period in nonagenarians and centenarians within our group of 9 hospitals. Given its multi-institutional nature, this series offers a larger portrait of this particular population than single-institutional reports do. We also aim to advance the current literature by offering a 5-year follow-up report of these patients.
Methods
Cardiac surgical operations were performed in 8 hospitals belonging to the Villa Maria Group and located in 8 Italian cities (Villa Maria Cecilia Hospital, Ravenna; Villa Maria Pia Hospital, Torino; Salus Hospital, Reggio Emilia; Anthea Hospital, Bari; Villa Azzurra Hospital, Rapallo; Città di Lecce Hospital, Lecce; Villa Maria Eleonora Hospital, Palermo; Villa Maria Beatrice Hospital, Firenze). As an institutional protocol, all patient data are prospectively entered into a common electronic database at the time of hospital discharge. According to our current institutional criteria, cardiac surgery in nonagenarians is indicated on the basis of careful evaluation of the patient. The Duke Activity Status Index (DASI) was calculated routinely in these candidates when the patient was presented for surgical evaluation 12 (if DASI Յ10, an absolute contraindication to surgery was posed; if 10Ͻ DASI Յ15, a relative contraindication was posed). Surgery was refused in bedridden patients and in those without familial support. The DASI has already been validated for use in cardiac surgery patients. 13 The database was retrospectively analyzed to select all patients aged Ն90 years at the time of cardiac surgery, irrespective of the type of operation performed (coronary, valvular, or combined) and of the timing of surgery (elective/ nonelective). The search was constrained to the surgical procedures performed in the 1998 -2008 period. Preoperative and intraoperative variables were collected. Please see Appendix I (in the online-only Data Supplement) for definitions. Both the additive and logistic EuroSCOREs were calculated for each patient at the time of preoperative evaluation according to the criteria available on the official Web site at http://www.euroscore.org. 14 Operative mortality and complications were analyzed. Operative mortality was defined as death within 30 days of surgery. Each patient surviving the operation was followed up by outpatient visits 1 month after hospital discharge and every 6 months thereafter. The visit included general physical examination, New York Heart Association (NYHA) functional classification, surface ECG, and transthoracic echocardiography. Mean follow-up time was 3.6 years after the operation (range, 7 months to 5 years). The institutional review board approved the study protocol. Given the retrospective nature of the study, because all patient data were treated anonymously and no additional diagnostic or therapeutic procedures were conducted on patients, individual informed consent was not deemed necessary.
Statistical Analysis
For the purposes of the present analysis, data were entered and processed with the use of SPSS (Statistical Package for Social Sciences, SPSS Inc, Chicago, Ill) software version 11.0 for Windows. Patients were stratified into 3 groups according to the type of operation performed: coronary (if isolated coronary surgery was performed); valve (valvular surgery only); and coronaryϩvalve (combined valvular and coronary surgery). Continuous variables were given as meanϮSD; categorical variables were given as percentages. Between-group comparisons were performed with 2 test for categorical variables and 1-way ANOVA for continuous variables. If only 2 groups were being compared, Student t test was used for continuous variables. After univariate analysis, a multiple logistic regression model was built to identify the predictors of operative mortality. A second model was then built (multiple logistic regression) to identify the predictors of complicated postoperative course (occurrence of any postoperative complication as detailed below). The initial pool of variables tested for inclusion in the model was as follows: sex, NYHA class III or IV, Canadian Cardiovascular Society class 3 or 4, Q-wave myocardial infarction within 90 or 30 days, previous cardiac surgery, previous percutaneous transluminal coronary angioplasty/stent, diabetes mellitus, dyslipidemia, systemic hypertension, chronic renal insufficiency, chronic obstructive pulmonary disease, peripheral vasculopathy, previous cerebrovascular accidents, left main disease, moderately or severely depressed ejection fraction, nonelective surgery, use of pedicled left internal mammary artery or right internal mammary artery graft, use of free-graft right internal mammary artery, use of radial artery graft, use of greater or lesser saphenous vein graft(s), cardiopulmonary bypass, and aortic cross-clamp times. These variables reflected those available in our electronic database. A stepwise technique was used for variable selection and to arrive at the final models. Briefly, each variable was entered if it resulted in the most significant change in the value of F (as determined by the partial F) provided that the entry criterion of PϽ0.05 was met (forward selection). Additionally, the terms included were tested at each step to determine whether any could be removed, resulting in the smallest significant change in the value of F (removal criterion: Pϭ0.1) (backward elimination). Postoperative complications were defined as those occurring within 30 days of surgery; therefore, no time-to-event analysis was used to identify risk factors for postoperative complications. The assumptions of the 2 models were checked and met; they were validated with a "bootstrap" method (implemented by a modified sorting technique for empirical bootstrap replications). Assumptions checked for multiple logistic regression were as follows: linearity (for continuous explanatory variables only), no interaction, and independency of observations. All available preoperative and intraoperative variables (as reported in Tables 1 and 2) were included in the model as potential explanatory variables. Survival curves were built according to the Kaplan-Meier method; survival curves were compared by log-rank statistic to detect differences in the probabilities of survival. The ␣ level was set at 0.05. Given the routine use of standardized clinical and surgical protocols within the hospitals pertaining to the group, we assumed that clustering by site was minimal and did not adjust for clustering.
Results
A total of 127 patients met the inclusion criteria and entered the study. There were no meaningful differences in the number of patients seen in each hospital contributing to the present study (16 patients from hospital 1, 15 from hospital 2, 18 from hospital 3, 13 from hospital 4, 14 from hospital 5, 17 from hospital 6, 16 from hospital 7, 18 from hospital 8; please refer to the hospital list above). The patients included in this study represent the 1.2% of our overall surgical activity in the study period (total number of cardiac surgery cases: nϭ10 175) and the 2.9% of all patients aged Ն79 years who received cardiac surgery. Preoperative and intraoperative characteristics of the study sample are summarized in Table  1 . Mean age was 92Ϯ0.8 years (range, 90 to 103 years). Almost half of the patient sample (45.7%) was in NYHA class III to IV at the time of surgery; 28 patients (22%) were asymptomatic, had occasional diagnosis of coronary disease, and received surgical indication on the basis of left main stem disease or 3-vessel coronary disease judged not amenable to percutaneous treatment in consensus with the institutional cardiologists. Forty-five patients (35.4% of cases) were operated on under nonelective conditions. Mean additive and logistic EuroSCOREs were 10.1Ϯ2. 4 
Outcomes
Operative mortality in the whole study sample was 13.4% (17 cases). Death was cardiac in origin in 13 cases. Observed mortality was somewhat lower than predicted by the logistic EuroSCORE (21.3Ϯ6.1). Fifteen of the 17 deceased patients were operated on nonelectively (PϽ0.0001 for the comparison of mortality among patients operated on electively versus those operated on nonelectively). Among the 17 patients who died within 30 days of surgery, 5 were aged 90 years, 3 were 91, 8 were 92, and 1 was 95. Fifty-four patients (42.5%) suffered from at least 1 postoperative complication, requiring readmission to the intensive care unit (ICU) in 8 cases. We had 5 cases overall of surgical revision for postoperative bleeding, 17 cases of postoperative respiratory insufficiency, 22 cases of postoperative acute renal failure, 11 cases of perioperative neurological complications, 38 cases of postoperative arrhythmias (atrial fibrillation in 29 cases), and 2 cases of sternal wound infection. The distribution of operative mortality and postoperative complications within the 3 study subgroups is detailed in Table 3 ; no statistically significant differences emerged between the 3 groups. Multiple logistic regression identified nonelective presentation (PϽ0.001; odds ratio, 9.03; 95% confidence interval, 1.4 to 23.8) and previous myocardial infarction (Pϭ0.014; odds ratio, 4.1; 95% confidence interval, 1.26 to 13.3) as predictors of operative death. Nonelective surgery (PϽ0.0001; 95% confidence interval, 2.12 to 64.9; odds ratio, 17.3) and preoperative renal insufficiency (Pϭ0.03; 95% confidence interval, 1.2 to 9.6; odds ratio, 4.1) were predictors of a complicated postoperative course at multiple logistic regression. Total mean hospitalization time in patients who survived the operation and could be finally discharged was 29.2Ϯ5.6 days (range, 16 to 68 days) (including postoperative stay within a cardiac rehabilitation facility). At the end of the follow-up, 25 (51%) of 49 patients in the coronary group had survived, as well as 31 (51.7%) of 60 in the valve group and 9 (50%) of 18 in the coronaryϩvalve group. The 5-year mortality among the patients who survived the operation was 41%; thus, a 48% mortality rate was observed at the end of the follow-up in the cohort of 127 nonagenarians subjected to cardiac surgery. Causes of follow-up death were cardiac in 66% of cases and not cardiac related in the remainder. Thus, despite surgery, cardiac disease remained the leading cause of death during the 5-year follow-up among our patients. Kaplan-Meier survival curves for the 3 study groups are displayed in the Figure. Survival dropped regularly over time in all groups; however, no statistically significant difference emerged in the probability of survival among the 3 groups (Pϭ0.68, log-rank test). Among patients alive at the end of the follow-up, 44.6% were in NYHA class I, 41.5% were in class II, 12.3% were in class III, and 1.5% were in class IV. Distribution among functional classes was better at the end of the follow-up; before the operation, among the same patients 10.8% were in class I, 27.7% were in class II, 44.6% were in class III, and 16.9% were in class IV. One patient remained bedridden during the follow-up because of noncardiac comorbidities, after successful recovery from cardiac surgery.
Discussion
Improvements in anesthesiological methodologies, cardiopulmonary bypass facilities, and end-organ protection techniques have made possible the routine performance of cardiac surgical operations in elderly patients with reduced organ functional reserve. Hence, cardiac operations in octogenarians are now part of the daily practice. 15, 16 Because of the aging of the population in the Western world, the patient group with heart disease susceptible to surgical treatment is expected to grow and will pose an expanding clinical problem to cardiac surgeons. However, cardiac surgery in a nonagenarian still represents an uncommon event (1.2% in our experience) in current surgical activity. Some series have already reported acceptable operative mortality rates and increased risk of perioperative complications in this subset of surgical candidates, [5] [6] [7] but follow-up data in the literature are largely insufficient. The present series is the largest published thus far except for national databases and contributes to the literature with a 5-year follow-up survival report of nonagenarians with respect to the type of surgery performed. The operative mortality in the very elderly as reported in the literature ranges between 7% and 18%; our 13% mortality rate reflects the mean value demonstrated by previous works. Nonetheless, such mortality rate may be overestimated given the high number of nonelective cases included in our series (as many as 35%). The vast majority of deaths were observed among nonelective cases; mortality in elective candidates was actually 2.4%. Biased selection and delayed referral are probably among the determinants of high operative mortality in many of these cases. 17 From the Society of Thoracic Surgeons national database, it emerged that emergent/salvage presentation, preoperative intra-aortic balloon pump, renal failure, peripheral vascular disease, and cerebrovascular disease are predictors of operative mortality. 18 Small series are in agreement with the finding that nonelective presentation is associated with poor results, and our findings corroborate this concept. If properly selected and operated on earlier and electively, nonagenarians may face cardiac operations at a risk approaching that of younger candidates, namely, octogenarians. Interestingly, in our study the type of surgery performed (either isolated coronary or isolated valvular or combined coronary and valvular) apparently has no influence on the mortality rates during a 5-year follow-up period, and the Kaplan-Meier survival estimates support this finding. Contemporary reports in octogenarians indicate operative mortality rates ranging between 8% and 10% for isolated coronary or valvular surgery and rising to 25% if combined coronary and valvular surgery is performed. 3, 13, 19 Other reports indicate mortality rates approaching 6% in the same subgroup. 20 Such a striking difference between these rates and our mortality rate for combined operations may be explained by the preponderance of men in our valveϩcoronary subpopulation, but longitudinal studies are in any case still strongly warranted to address these issues. The operative mortality rates are comparable between octogenarians and nonagenarians, despite the even more advanced age of the second group. Thus, age itself should not preclude the possibility of undergoing cardiac operations. Additionally, patients expected to undergo combined coronary and valvular surgery should not be considered at significantly increased surgical risk.
Notwithstanding the encouraging data relative to rough survival, hospital morbidity in nonagenarians undergoing cardiac operations remains a major concern that will strongly influence the clinician evaluating a patient for surgery. The elderly are generally more prone to have prolonged ICU/ hospital stay and systemic complications and to face difficult weaning from mechanical ventilation. In our experience, the mean ICU stay time was 10.2Ϯ4.1 days (range, 2 to 95 days). Bacchetta and coworkers 6 report a 12.0-day mean ICU stay among 42 nonagenarians; nonetheless, no other published series reports equivalent information. In regard to mortality rate, the type of surgery performed does not influence the incidence of postoperative complications.
It has been indicated previously that the general physiological condition of the patients determines their surgical outcome rather than the chronological age itself. 7,10 Our patient selection criteria for cardiac operations in nonagenarians include the following: (1) the social and functional status of the candidates (DASI score) and the possibility of receiving continued assistance after the operation; (2 the individual operative risk, in particular taking into account myocardial status (left ventricular ejection fraction) and renal, pulmonary, and liver function; and (3) the patient's motivation to undergo surgery. Taken together, these results underscore the importance of patient selection to rationally practice cardiac surgery in the nonagenarians. On the basis of the present data, we will consider nonelective presentation in nonagenarians an important factor to discourage surgery or to delay it until clinical stabilization can be achieved because nonelective surgery is associated with poor outcome. Additionally, per our institutional guidelines, we confirm the DASI as a reliable tool to help to establish the indication. It is the policy of some institutions with remarkable expertise in this field to deny surgery to nonagenarians with predicted operative risk Ͼ50%. In this respect, the reliability of most diffused scores for prediction of operative risk must be considered. The additive EuroSCORE, which has been validated in the general surgical population in the Western world, has been reported nonetheless to overestimate the risk in the very-highrisk categories. 21 The 5-year follow-up mortality was considerable, at 41% among those who survived surgery and 48% in the overall cohort of nonagenarians undergoing cardiac operations. Although one should take into account the very advanced age and frailty of these subjects in the interpretation of such results, the cardiac causes of death are still predominant in the follow-up despite successful surgery. However, the patients who survived the follow-up achieved in most cases an improvement in their functional NYHA classification after surgery. Thus, cardiac operations in the very elderly have the potential to significantly ameliorate functional status and quality of life, at the price of considerable operative and follow-up mortality rates. The risk-benefit balance of cardiac surgery of nonagenarians should then be considered to be paradigmatically different than in the younger candidates, in whom the prolongation of life is usually considered the primary aim. The clinician should consider these findings while evaluating the very elderly for cardiac surgery and properly discuss these issues in the light of the patient's expectations.
After appropriate selection of candidates, the operation should be conducted carefully to reduce myocardial and end-organ injury. For this purpose, delicate manipulation of tissues and minimization of pump time and cross-clamp time are particularly advisable. Although not formally proven until now, our management protocols include reduction of priming volumes, use of biocompatible cardiopulmonary bypass circuits, and aggressive prevention of hemodilution and coagulation disorder; all of these may be particularly beneficial to ameliorate the earliest outcome in these fragile patients. Each candidate should be adequately prepared for surgery through improvement in pulmonary function by scheduled physiotherapy, and the general nutritional status should be optimized. Whenever feasible, the off-pump technique for coronary surgery has been advocated as a powerful tool for reduction of postoperative morbidity in high-risk candidates.
However, because of insufficient power, this study cannot provide reliable indications for this issue.
We acknowledge the absence of a control group composed by nonagenarians having severe cardiac disease and not undergoing cardiac surgery as a potential limitation to our study. Additionally, we have considered clustering of data by site to be minimal on the basis of the employment of standardized surgical and clinical protocols within all participating centers. Universal definitions for comorbid conditions and complications were used as well. Therefore, our analyses did not adjust for data clustering, which may be a limitation of the analyses themselves.
In conclusion, the perioperative complication rate is high in nonagenarians subjected to cardiac surgery, and the operative and follow-up mortality rates are considerable. However, functional status among the follow-up survivors is significantly ameliorated and may justify the practice of cardiac operations in selected nonagenarians. The "ideal" nonagenarian candidate for cardiac operation may be rare, given the high frequency of multisystemic comorbid conditions among these individuals, which will negatively influence surgical judgment. Failure to correctly select the candidates for surgery will ultimately lead to unacceptably high mortality and morbidity rates. Nonetheless, our experience strongly indicates that cardiac operations in these very elderly should not be considered beyond the limits of current practice but are supported if performed earlier and electively and if candidates are selected carefully.
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